FS-Miner: An Efficient and Incremental System to Mine Contiguous Frequent Sequences by EL-Sayed, Maged et al.
Worcester Polytechnic Institute
DigitalCommons@WPI
Computer Science Faculty Publications Department of Computer Science
6-1-2003
FS-Miner: An Efficient and Incremental System to
Mine Contiguous Frequent Sequences
Maged EL-Sayed
Worcester Polytechnic Institute, maged@cs.wpi.edu
Elke A. Rundensteiner
Worcester Polytechnic Institute, rundenst@cs.wpi.edu
Carolina Ruiz
Worcester Polytechnic Institute, ruiz@cs.wpi.edu
Follow this and additional works at: http://digitalcommons.wpi.edu/computerscience-pubs
Part of the Computer Sciences Commons
This Other is brought to you for free and open access by the Department of Computer Science at DigitalCommons@WPI. It has been accepted for
inclusion in Computer Science Faculty Publications by an authorized administrator of DigitalCommons@WPI.
Suggested Citation
EL-Sayed, Maged , Rundensteiner, Elke A. , Ruiz, Carolina (2003). FS-Miner: An Efficient and Incremental System to Mine




































D IM)>2*'*EF5G'ﬀ)E IMB4C 5J'*2GF;%;#42 <=%(E>5G#U5GOS5G'
D IM)>2*'ﬀE>5G'ﬀ)$=!$,IH.JLKMHMNOMOQPMH
R
























































¨®eÅﬀF¡F¬¥©¥Ê9¥¨¨©©>¨S¥ ¡">ÇÇ£>¡"¢£É¨®eÅ*F¡F>¨>­°F©J¥¡±°¨}Å*>¡"¢£¨(¥¡FÇmÇ J¡=©¢ ﬀﬃÉﬀ©¬>J¬ﬃ¬¥A±¥«¢ >¦¨
 uÆ>*©¨}Ì	¥VÇ J¨ÉP¨®eÅ*F¡F>¨«¥¤ﬀ

¨®eÅ*F¡F>¨>­ﬁ²uÊR¨©¥È¬¥A©¥ﬃﬂBÇ J¨««¡F¨®¦>©¨ ±¥9¨¥ﬀ¡=¢£9¨Ç >Èﬀ¨}Ì
Ãﬀ!²uÊ ¥¸Ç£¢£¡>¥A¢£9¨F­"°F© ¨F±¨ eÅ*>¨®©¨¥©¨¥¢ ¨#ﬂJ¬§Ê%$ ¬¸Ç *¥¬¢£¸È}¥ÈJ¨
[°>¢ Ç ¡F¥ÇD}¥¡±°¢ J¨F­9°
¨ÉM¦¢ ¢£¸È1©>¡±°¢Å*>¨Pﬃ©>¬¢ ¡=¥ﬀ¡F¡F>¨©¨Ê9>°¥ Æ¢ ﬀ©¨;¥9¬ °F¡F°uÇ£¢ª©°}uÉU"±¡±°¢ VÈﬃÉ\°¦ﬀ¨®¥ﬀ©¢£¥
¥È>¨«[°9Ç ¡>¥ÇD}¥ﬀ¡±°¢  ¡F¥ﬀ¡±° ¡>¥h¬±¥}¥¢ ¡F¥ÇmÇ&$-¢£¡"©>¥ﬀ¨®°ﬀ©¢ ¦ 9>~ÉUﬀ}¥9¡"ÉP°*¨®¥¸Ç£¢ ¡F¥A©¢ ﬀ¨}Ì

°J¨®¦¢ ¢£¸È J¡±°¢Å*>¨ﬃ¥¥Ç&$%'F(²uÊÇ£È)ﬂVÇ J¨1¡"¦\ﬀ¨>¬hÉÇ£¢ ¨©¢ ¸È*¨ É9¥È¦¥¡>¡"J¨¨>¨ﬃ*U©ÉU>>¡"J¨,+«Èﬀ¥¢-'>>¬
#$¢ ¡F¥ÇmÇ&$[¢£ﬀ© ¨®J¨¨¢£¨}Ì
°J¨®1©>¡±°¢Å*>¨ ¥© 9¥«É	°¥A«¢ ¨«¡>¥ÇmÇ J¬)²uÊR¨©¥Èﬀﬃ¦¢ ¢£¸ÈBÌ.²uÊR¨©¥È1¦¢£¢ VÈ



















8©°¢£¨ ¥9>;² ¥ ¥¢ ¡"VÇ£¥wÇ&$-¢£*>J¨©>¬8¢£<²uÊ 9¨¥È ¦¢£¢£¸È7ÉUﬀ ©° \ﬀ¨ É©©¥ﬀ¡=¢£¸È;ÉU©}Å*>*
¨}Å*F9¡"«¥®©F©¨Z©°¥A
¡F¥7Ê9¨>¬ÉUﬀ©"¢ÉU"±¡±°¢ VÈ ¥¬[¡F¥¡±°¢ ¸ÈBÌ.ÃF¯ÉUF©¡±°¢£¸È ¥¬ ¡>¥¡±°¢£¸È­=5Ç£>¬|ÈﬀÉ
¨¡±° ﬀ©¬>J¬ ¡F*¢mÈﬀ¨S¥Èﬀ©ÉU>>¡"J¨S¢ ¨(¨ÉU¸ÇLÉUﬀPJ¬¢ ¡=¢£¸ÈÉU
©ÉUF©F9¡">¨>/ ?1Ì.Ã®©°F©¦©­5Ç£>¬|Èﬀ
É2ÉU©}Å*>*¦Ê¥ﬀ¡,5=
¥±¬K±¥ Æ>©¨©¥Ç«¢ ¨-¨®uÉU¸ÇTÉU-¢ ¦©GÆ¢ ¸È@°t¬>¨¢mÈÉ@}Ê¥Èﬀ>¨A/ 1¢Ì ©°FB²±¬¨C²
¥© ¢£*F©>¨®J¬@¢£@¦¢ ¢ ¸È ÉUDFEHGIJE,KLGNMPOﬁGND3DQJESRTK±­	°F©ADFEHGIJE,KLGNMUOﬁGND3D3JLESRﬁK ¥©-¬Lﬂ>¬@ Ê9R¨®eÅ*F¡F>¨¢ª©°
¬VÇ ¢ ¡F¥>¨¥¨	²uÇmÇ9¥ﬀ¨Z¡"ﬀ¨>¡"¢mÆ±¬>¢£¸È2Ê\"#²FF¦¥È«©ÉU>>¡"J¨V/
§
1Ì	WÈ*¥Ç¢ ¨P ¢ *©¬¡F ¥ J¡±°¢Åﬀ
ÉU ¬¢£¨©¡"GÆﬀF©¢ VÈ-¨¡±°Ł¨®eÅﬀF¡F}¥AF©¨>­ ©°¥A¢ ¨ﬃX ¡F¢ >ﬀJ­P$ﬀ"¢£¡"©F¦>ﬀ±¥Ç¥¬t¡F¥ ¥ﬀ¬¥ﬃ©8¨F¥©¥¦">
¡±°¥¸ÈJ¨uÌ(
°«¥®>9¨P±¥¡"J¬Ê%$ ¨H$¨©F °¥ ÆÉUﬀZ©\F¢£>¨ 2 ©°«±¬>ZÉM¥ÈﬀuÉUF©F¡F>¨P¢£}¥®>9¨
¢ ¨;¢ ¦\©¥*J­¬¸Ç£¢ ¡F¥A©
¥Èﬀ²©ÉU>>¡"J¨;¥©²¥ÇÇ£J¬Y*Ê¥¡,5%
¥±¬1±¥ Æ>©¨©¥Ç ¨D¥¬ 9¥È²©ÉU©>¨°>¨S+±­9¥A®©F©¨P¡"ﬀ¨¢£¨®
ÉP¡"ﬀ*¢mÈﬀ¨²¥Èﬀ ©ÉU>>¡"J¨F­¥¬[}¥N¢£}¥Ç ¥¬ }¥¢£¦¥ÇM¥AF©¨«¥1¥ÇmÇ£J¬Ì
ÈFF±¥Ç ­¬¢£¨©¡"GÆﬀF©¢ ¸È(ÉUeÅ*F*¥A>¨
¢£!Ç£¥wÈﬀ ¬¥A©¥Ê¥¨>¨²¢ ¨¥¦¡"ﬀ¨®wÇ&$ ©¡"J¨¨²¢£[©F©¦¨
É(H8ZW¥9¬R²[
¡"*¨±¨uÌ\W }¥]ﬀ²¡Fﬀ¨®
¥ﬀ¨¨¡"¢ ¥AJ¬¢ °-° ¦¢ ¢ ¸È¦©¡"J¨¨¢£¨²©°È>F±¥A©¢ ﬀ ÉD\©F*¢ ¥ÇmÇ&$;ÉUeÅ*F*
¢ª©F}¨0*Uﬀ





­P_*­ ´1P°¥1©}Å*¢£©>¨ ¸Ç ¢£¸Ç£L9>¨®¢mÆ¦¨©¡F¥9¨ÉZ°¦¬¥A©¥Ê¥¨­Mﬀ(ÉUﬀ1>¥¡±° Ç }Æ}Ç&­M©







°F¢£c²d5;ÉU¡"¨>¨« ° ¬¢£¨©¡"GÆﬀFd$}É.ÉUeÅ*F* ¢ > ¨"©¨«¢ R©©¥¨¥ﬀ¡=©¢ ﬀ¥Ç6¬¥©¥Ê9¥¨>¨}Ì
egf3hjilk3m,noipm,qSilr3igs-i#r3i#tju#i	uvm,t0m,pjpNivm,rPnowSrFiPfFhm,txwStji:fFyznoi:yztcf3hjilkFiv{L|ji#tju#ilyztxmt?wStﬀu#wStLfFyzqS|jwS|jkPncm,tjtji#rH}
§
 ©°¥A>²d5 ©°ﬀ©¬FÉ6° ¢ F}¨²¢£[>¥ﬀ¡±° ©>¡"ﬀ©¬.*4¢¯Ì ÌP¢£ J¥¡±°}©©¥¨¥ﬀ¡=©¢ ﬀ9+;¢ ¨
ÉD¡"ﬀ¨¢£¬>©¥¢£%Ì:`«>¡" ¢ 
¬>¨²¨®9ﬀ®Z¦¢£¢ VÈ2ÉU²¨®eÅﬀF¡F>¨	°> ±¬FZ¥ﬀ¸Èﬃ¢ F}¨¢£¨¢ ¦\©¥*eÌS   j©\ﬀ¨«¥}L*©F¨¢£
É(°F¢£
>¡±°¢mÅ*1©©¥¡,5LÇ£ °¨}Å*>¡"1¦¢ ¢ ¸È ¡>¥¨Ì

°¦¦¢ ¢ ¸È8¡Fﬀ¨®1¢ ¨ﬃ}ÆF ¦© ﬀ°¢Ê¢ª©¢ÆﬀÉUﬀ¬ $¥¦¢ ¡¦¬¥A±¥Ê¥ﬀ¨®J¨;°¢£¡±°t¥©¨¸Ê ]J¡=ﬃ© \¬¥J¨¨®9¡±° ¥ﬀ¨
°¡"ﬀ*¢£*¨P¢£¨F¢£}É L¨>¨©¨®¢£9¨;ﬃ©°!²uÊ-Ç >ÈVÌ(¦°¢ ¨¡>¥¨° ©>¡"ﬀ¨®©¡=©¢ ﬀÉMÉUeÅﬀF*²¨}Å*>¡"J¨
}¥j$-©}Å*¢£©ﬃF LJ¡"©¢ VÈ¦° ¢£¢£¸È[¡"J¨¨ÉUﬀ ©°(Ê\uÈﬀ¢ ¢ ¸ÈBÌ«
° >Ê¸Ç > ÉP¢ ¡F>¦F*©¥ÇÇ&$-¦¢£¢£¸È7ÉUﬀ
¥¨©¨¡F¢£¥¢£@©¸Ç£>¨°¥ﬀ¨Ê9>Fo¨©¬¢£>¬ ¢£¬}Ç-$ / ­
§
j1ÌKP¥®©°¥¨©¥±¥A©°=$W" ¥Ç¢Ìc/ µ1«¢£ﬀ©¬9¡">¬K¥j¢ *©F±¥¡=©¢Æﬀ-¥¬
¢£¡"©F¦F*±¥Ç9¨}Å*>¡"¦¢ ¢£¸È¥©ﬀ¥ﬀ¡±°¦¨®¢£¸È ¥(Ç£¥®©¢£¡F¨®©¡=©>ÌS °>¢ 
¥*¥¡±° ­A©°1¬¢£¨©¡"GÆﬀFd$ÉÉU©}Å*>*
¨}Å*F9¡">¨²¢ ¨¬Ê%$}©©¥ ÆﬀF±¨®¢£¸Èﬃ©°Ç£¥®¢ ¡"ﬃ¥¬[¢£*>©¨>¡"¢£¸È¨¸Ê¨}Å*>¡"J¨²ÉS¡F¦¦R¨® X>¨©>Ê©¥¢ [°>¢ 
¨\}Ì;
°F¢£Z\FwÉU©¦¥¡"¨®¬ﬁ$ °¥ﬀ¨Z¨®° ©°¥AP©°«¢£¡"©F¦F*±¥Ç¡F¥¥Ê¢Ç£¢ª#$ É\°>¢ ¨v$¨®F ¢£¨Zﬀ
LX}¡F¢ >*
°9¥ ©"¡"ﬀ¦¢£¸ÈÉUeÅﬀF*;¨}Å*>¡"²¦¢ ¢ ¸È ©¡">¨©¨£ÉUﬀ¨©¡"±¥A±¡±°%ÌP` }Æ>>­>°Ç£¢ ¦¢ ©¥¢£ É°F¢£;¥©ﬀ¥ﬀ¡±° ­
¥¨S©°L$\¢£*PJ­¢£¨S©°
J¨®¸Ç ¢£¸È °¢mÈ°>¦d$ﬃ¢mÇ ¢&'>¥¢£¦¥¨²uÇmÇ¥ﬀ¨S°
>>¬ ﬀ5F>¥ ¢£*F©¦>¬¢ ¥A© ÆﬀF¢ ¡F¥Ç
¬¥©¥Ê9¥¨Ç ¥j$ﬀo°¢£¡±° °¥ﬀ¨²°¨©¥¦ﬃ¨®¢&'F¥ﬀ¨²°ﬃﬀ¢mÈ¢£¥ÇM¬¥A©¥Ê¥¨ / µj1Ì
W²d5@¢ ¨[¨¢ ¦¢mÇ£¥ © / aN1¢£r°¥Y²h¥Ç ¨®@¥¢  @¥ Æﬀ¢ ¬K° L9>¨®¢mÆW¡F¥9¬¢£¬¥A[ÈFF±¥A¢£j©¡">¨©¨>­
¥®©¢£¡F¸Ç£¥wÇ&$ ¢ Ł©°[J¨®>¡"-ÉÇ ¥È}(Ê\FÉ«¢ >}¨B*4¥Èﬀ ©ÉUF©F9¡">¨S+aÌW W-©\ﬀ¨[¥§ÉU©}Å*>ﬀ¦¨®eÅ*F¡F
©F¦¨®©¡=©*ÃP	* ©F+ÉUﬀﬃ¨©©¢ ¸È ¡"ﬀJ¨¨>¬8J¨¨F*©¢£¥ÇS¢£|ÉU©}¥A©¢ ﬀW¥Ê\ÉU©}Å*>ﬀﬃ¨}Å*F9¡">¨}Ì@[«VÇ ¢&5/ ab1 ­
°¢ ¡±°K¥¢ }¨t¬¢ ¨¡FGÆ>(ÉU©}Å*>ﬀ¦¢ F ¨®F©¨¢  °¢ ¡±°Kﬀ©¬F¢£¨¦¢£¦9ﬀ®±¥*>­²d5W±¥N5ﬀ>¨±¬F¦¥¦ﬀ¸È
¥È uÉUF©F¡F>¨¢ *©t¡F¨¢ ¬F±¥A©¢ ﬀ%ÌK  R¢ *©¬¡F8¥o¥ÇmÈ©¢ ° °¢ ¡±° 8¡F¥ÇÇÃeÅ*F*[	}Å*>¡"R¦¢£¢ VÈ
*
	£»ﬁ+°¥1¥¥Ç&$%'F>¨«°ÃP	* ©F -¬¢£¨©¡"GÆﬀFÉU©}Å*>* ¨}Å*F9¡">¨}Ì(W1¥©ﬀ¥ﬀ¡±°R¢£¨ ¢£¡"©F¦F*±¥Ç(¢ h°¥
¢ 
¥ÇÇ£«¨\¬¥J¨© ©°1¬¥A±¥Ê¥ﬀ¨® (Ê\1¢ 9¡"©F¦F*©¥ÇÇ&$¦>¡"J¬}¢ [°2ÃP	* ©F ¥¬[¢ [°1¬¢ ¨¡FGÆF©>¬9ÉU©}Å*>*
¨}Å*F9¡">¨>­ ¢ °ﬀ1°}>>¬ R}Ç *¥¬ °°>Ç ¦¬¥A±¥Ê¥ﬀ¨® ©-©">¡F °ﬃ°Ç£¦¢£¢£¸ÈR¡F>¨©¨ÉU©
¨©¡"±¥A©¡±°£Ì3Ã(¢ 9¥ÇmÇ-$1©°
¨®>P¡F¥ ¢ *©F±¥¡=©¢ÆﬀuÇ&$ﬃ¡±°¥¸Èﬀ\5ﬀL$¨H$¨®>¥±¥¦FF±¨*U¢£ ¥®©¢£¡F¸Ç ¥S°
¦¢ ¢   ¨\
°J¨®°>Ç£¬ ¥¬°²}¥¢  ¥®>¨®¢&'F+ ¥¬1©°¨v$¨®F ¢mÇÇ©F¦GÆZ°
¥®>9¨ ©°¥AP¥©TÇ£¸ÈﬀF%ÉU©}Å*>*
¥9¬.¢ÇmÇ;¢ *©¬¡F©° ¥®©F©¨«©°¥Aﬃ¥©²ÉU©}Å*>* ¥¡>¡"ﬀ©¬¢£¸È¦© °  ¥±¥¦FFÆA¥Ç£>¨>­ ¢ª©° °
>>¬¦ÉU«¨©¡F¥¢£¸È}¥¬¦Ç *¥¬¢£¸È°ﬃF*¢£ﬃ¬¥©¥Ê¥¨Ì

° ©>¨®É©°¢ ¨¥9> ¢ ¨Èﬀ¥¢&'F>¬ ¥¨6ÉUÇmÇ «¨}Ì8	>¡"¢£K ¢£*©¬¡"J¨ﬃ°-ÃP	*&©>[¬¥©¥ ¨®©¡=©©[¬>¨¢mÈ
¥9¬ ©°6ÃP	*&©>ﬃ¡"9¨©¡"¢£ ¥ÇmÈ©¢ °!ÌZ	>¡"¢£R¦¬>¨©¡"©¢Ê\>¨²©°6ÃP	*¢£ﬃ¥ÇmÈﬀ¢ ° ÉU«¬¢ ¨¡FGÆ>¢£¸È6ÉU©}Å*>*
¨}Å*F9¡">¨ÉU©|©°2ÃP	*&©>ﬃ¨©¡"©ÌZ	J¡=©¢ ﬀ)a¦¬>¨©¡"©¢mÊ9J¨©°ﬃ¢£¡"©F¦F*±¥ÇM¦¢ ¢£¸È}¥ÇmÈﬀ¢ ° °¢Ç£	>¡"¢£
¢£ﬀ©¬9¡">¨ °¢£*>©¥ﬀ¡=¢mÆ¡F¥¥Ê¢mÇ£¢ª©¢ J¨ Éﬃ¨H$¨©F!Ì 	>¡"¢£
³
























²uÊ§Ç£ÈﬂVÇ£j+«¨©©>¨«¥ ¨"ÉPJ¡"ﬀ©¬¨(*4¨>¨©¨®¢£¨S+aÌ>¥ﬀ¡±°8J¡"ﬀ©¬-°¥¨«#ﬂ9uÇ ¬¨L2° ©>¡"ﬀ©¬ ¤ 7682 ﬂ}Ç£¬ ¥¬ °
¢£¨}Å*>¡"xﬂ9uÇ ¬96 £»#"Ì²
°ﬃ±¬FÉ(¢ >¦¨¬>¨}¥®>c¢ °¢£ ¨®9¡±°R¥8¢ ¨}Å*>¡">Ì r°>R¥8¢ª©F
' -ﬁ:
6
¡F¦>¨²¢£¦J¬¢£¥}Ç-$[¥É >«¥°>²¢ >;' - ²ﬃ¨¥j$¦©°¥A





Ì   ¦}¥j$R¥Ç£¨ >J¨®>* ¥ ¨®eÅﬀF¡F¥ﬀ¨ £»#"D@'EAGF ­°F©' ¢£¨©°ﬃﬂ©¨®1uÇ£F¦F*ﬃ¢ W°
¨}Å*F9¡"ﬃ¥¬F ¢£¨
©°1>}¥¢£¢ VÈ¦¨¸Ê¨}Å*>¡">Ì
Ãﬀﬃ¥-Ç£¢ T5IH ­M©°BK JjObOMLEDNOLPJ R"D&­BQSRT'T'VU
-ﬁ)XW

























































¢£3©° ¬¥A±¥Ê¥ﬀ¨®-F¢ °> ¥¨}¥h°!ÉUVÇÇ«¨}Å*>¡"R}¥ﬀ¨¥t¨¸Ê¨}Å*>¡"RÉ1¨®J¨¨¢£¨}Ì@   ¥ÇmÇ a¢ >d¬VÇ ¢ ¡F¥>¨
¢£ÉU©}Å*F*ﬃ¨®eÅ*F¡F>¨>­ °¢ ¡±°h¦>¥¨°¥©°¨©¥¦¢ª©Ff¡>¥h¥\>¥1¦©©°¥W¡F ¢£ ©°}¨¥¦¨}Å*>¡">Ì
¤¸Ç£¢£¡>¥AJ¨«¡F¥-Ê\ﬃF¢ °>Ê¥¡,5%













¢ ¨Ê±¥¢£>¬!Ê%$R ¸Ç ¢£¸Ç&$¢ ¸È[° ©¥Ç((Ê\FÉÇ£¢ T5¨¢£8°¬¥A±¥Ê¥ﬀ¨®2Ê%$
















¨"6Ê%$ ©°}¨F+ ¥¬ ¢ ¨ﬃ¨>¬Ê%$ °7Ã;	&©> ¡"9¨©¡"¢£t¥ÇmÈﬀ¢ °  ¬J¡"¢ ¬C°¥A6Ç£¢£ﬁ5¨18¢£¡Ç£¬}¢£t°
ÃP	* ©F¦¥¨ﬀ¢ÇmÇÊ\¦¬¢£¨©¡"¨©¨>¬ Ç£¥FeÌ 
°}¨>¡F¬h¥±¥¦"©F3ŁQSR{'X'.>|s}~A­ ¢ ¨ °^ RV?^JoXtT
`
<K JjObOMLED
NOLzJ R9D4­S°¥¬>©>¨°-¢£¢£  Ê9> É
©¢ ¦>¨ °9¥A ¥ ¨}Å*>¡"[FJ¬¨ﬃ© ¡F¡" ¢£Ł°-¬¥A±¥Ê¥ﬀ¨®¦©[Ê\
¡"ﬀ¨¢£¬>J¬§ÉU©}Å*>ﬀeÌ,ŁQRT'T'.>|s}s ¢ ¨1Ê±¥¢£>¬ Ê%$  ¸Ç ¢£¸Ç&$¢ ¸È ©°±¥ÇPÊ9>ﬃÉÇ£¢£ﬁ5¨1¢ W° ¬¥A©¥Ê¥¨(Ê%$
¥h¬>¨¢ ©>¬Ł¦¢£¢£ u¨}Å*>¡"[¨\°©>¨°Ç ¬t±¥A¢£0ŁQRT'T'(j|~}sGÌt
°¢ ¨ ¬J¨®¢£©>¬Ł±¥A©¢  ¢ ¨ °-ÉUeÅ*F¡L$tÉ






+	°¢£¡±° ¥ ¨®eÅﬀF¡F«°¥¨Z ¨©¥A©¢£¨~É7$¢  ﬀ©¬FP©6Ê9 ¡"ﬀ¨®¢ ¬>J¬(ÉU©}Å*>*}Ì`ŁQSR{'X'(j
|s}s
¢£¨¨®FÊ%$ ©° 9¨®>
¥9¬[¢ ¨¨>¬¦Ê%$ °6Ã;	¯R¢£¢£¸È}¥ÇmÈﬀ¢ ° ¬©¢ ¸È©°ﬃ¦¢ ¢£¸È}©¡"J¨¨}Ì

















°¢ ¨ ¢ ¨©¨®J¨c¢mÇÇ.Ê\ ¬¢ ¨¡F¨©¨®J¬R¢  ¦ﬀ ¬"©¥¢Ç(¢£8° ¢ 9¡"©F¦F*©¥ÇS¥¬R¢ *©F±¥¡=©¢Æﬀ
¦¢ ¢ ¸È-¨®J¡=¢£9¨uÌZ ¨°ﬀ®J­ﬁ¡F¨¢ ¬F«¥=$ ¨®eÅ*F¡F Q_ta©°¥A°¥¨
QRT'T'V|s}sZ*]Q_tab+uŁŁQSRT'T'.>|s}s¥  ¿G»#"3» 
Áe»{"3» >»t¦¥	
}»$¿ Ì@  8¡"ﬀ¨®¢ ¬>¥=$ Ç£¢ T5$H@©°¥A}°¥ﬀ¨^QRT'T' U
-ﬁ)XW










ŁQSR{'X'+ |~}s ² ¡F¥ÇmÇ H3¥¾e»  	










ﬃ¡>¥ÇmÇBH8¥ 3¾  

¿G»#"£»  	Ì
2»  	 	¾ ﬁﬀﬃﬂ,EHJ 8JTJLR"DlKJ ﬀJTJR+N,J@DFEHJ,J3 K(GCKDFEKJVNLD]J EHJ0D"!%GbD NOLRTK  KSD K L#ﬂ@D"!%J$ﬂ8LM MﬂL&% R('.D"!ZEdJdJfNOLz;OoLNR9JLR"D K*)
4
ﬀ DFEHJ,JBKDFEKJVNLD]J EHJﬁ%7D! G K3OﬁJON8 GNMoE LLND0R+L+ZJEj GNR+ G KLJ D!L#ﬂ)KLJ,ﬀJTJLR.N,JﬃO"EdJ"-. K J0/DFEHJ,JSKGjKCN1!{ M2+EHJLR L3ﬂBD"!%J




-JMD+^D"!%GbDEdJgO9EHJSKLJLR"D K<GR@7D3JﬀEﬂ,ELz D! JI RNO(JﬁD






























EHJ#O"EHJKLJR9D7K(D"!%JﬃR(Jo/dJLEfL#ﬂ@KLJ,ﬀJTJLR.N,JSK(D"!%GbDK !%GEdJD!{ KﬃJ +K'=J^ R D"!%J
O GNED  NﬀJ M-GE)D EHJ,J0O GbD!PZ%[! JEHJG<D EHJ,J@O GbD!G KD! J(O"EHJ\-].O GbD! D"!%GND!KD3GNED7K^ﬂ,E LP D! JYDFEHJ,JCE LLNDxDLD"!%JbN8J ESEdJR9D
R.L8+bJ84
4
ﬀ7!%J,GQ+ZJE@DQG/M-J`_a D"!%GNDlKDYLNEHJSK> Rﬂ8LNEKGbD  LNR G(/LzJﬁDﬂ,EHJ 8JTJLR"D\GNR+0OoLbD3JLR"D] GMQﬂ,EdJ,ﬀJTJLR"DlM  RY?K> R D! Jb+ZGNDQG/dGjKLJ84
6oGXN*! JLR"DFE1c9 R D"!%Jd! JdG+bJLEYDQG/M-Je_af!%GKYD!=EHJ,JV-JM2+K )=g
S








OMLz R"DQJLE P;%[!T N*!5 K@GM  RYNJ +CM  KD;!%J,GQ+0OoLP R"DQJE0D"!%GND








-JLM2+5 R^JdGTN1!AJ +'ZJ, R D"!%JD EHJ,Jf K!OMLz R9D  R@'.DLD! JﬃR9J,.ZDcJ +'ZJ, R D"!%Jb9;:<#D EHJ,Jk%7D"!<D! JﬃKLGzCJJ +K'=J*<gR GzCJ=lsLE
RVJ M Mi ﬂ@D"!%JLEHJ  KxR+LR J#m Ì
4
ﬀ R.LR0<nﬂ,EHJ 8JTJLR"D\M  RY?K0D3G(/SM-J`oqpsr$asP:D"!%GbD	KDLEHJKv R8ﬂ8LEKCGND] LR G/LzJﬁD\R.LNR<nﬂ,EHJ ﬀJTJR9D	M  RY?K 4tu!{ K(D3G(/SM&J! K!LR"Mnc




w,fFi!fFhmdffFhjyzkyzkk5}zyzqShf\} ~k?y Zi#rFivtfs-r3wSn f3h?i`ji t?y f3yzwStCw,sPk3|jp?pbwSr f>r3mdf3yzw0yztw,f3hji#rH wSr5d 3,Uhjyzu3hhm,kfFhjickQm,noicpmdf f3i#rFtjk
m,k3kF|jnop?fFyzwStjkGfFhmdfji tji#k fFhjyzk rQmdfFyzw	f3w$NiPfFhjis-r3i#{L|ji#tjui~ow,s=fFhji:kFiv{L|ji#tju#ifFw\fFhjifFw,f3m }ZtL|jnHNi#r w,s=pm,qSi#k yzt>f3hjimdfQm jm,k3iS}0Ł(iUf3hjyzt8
fFhmdf	wS|jr:r3mdf3yzwcyzkPnowSr3ilu#wStKi#tjyzi#tflk3yztju#i\y f:i#}zyznoyztmdfFivkUf3h?ii bivugf	w,s9k3i#k3kFyzwStjk]Uy fFh0k3yztjq1}zi\pm,qSir3igs&i#rFivt?uvi1byztxfFhjiyztjp?|?f i#s}zwSqRZwSt
fFhji;ji#k3yzr3i#!rQmdfFyzwZ-qSy ivt!f3hjmdf] ilm,rFi	yztLfFi#r3i#kFfFi#xyzt!pmdfFfFi#r3tjkPw,sﬁk3y#iLK3}
 





KSDLEdJSK;D"!%JﬀR GzCJ!L#ﬂﬀD"!%JﬀM  RYP R>  OS %[!T N*!KDYLNEHJSKﬀD! J!NOLzJ R"DL3ﬂ;D"!%GbD	M  RY! RD"!%Js+ZGNDQG/dGjKLJ*PGRT+ bb%[!{ N1!
KSDLEdJSK0D! J	xK!L#ﬂ@EHJONLNEG+jK3 R D! Jk+ZGNDQG/dGjKLJﬃD! GND;!%GIJ(KLJ,ﬀJTJLR.N,JSK@D"!%GbD` R.NLM J+ZJD"!%GbD\M  RY
>Ì
Link  Count ListH
d-g       4
g-i       2
c-d       7
d-e       6
e-h       3
h-i       2
b-c       5
c-b       2
a-b       4
b-d       2
f-a        2
(b) Header Table (HT)(a) Web Log  File
SID InSeq
1 d g i
2 d g
3 c d e h i
4 c d e
5 c b c d g
6 c b
7 a b c d g i
8 a b c d
9 b d e h i
10 b d e h
11 c d e b f a b c
12              c d e f a b c
13 a i c
14 d i e
15 i g d b a
Link  Count   SID
e-b       1            11
b-f       1            11
e-f       1            12
a-i       1            13
i-c       1            13
d-i       1             14
i-e       1             14
i-g       1             15
g-d       1             15
d-b       1             15
b-a       1             15
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Function insertTree (tree root node S, sequence p-P) :
Updated FS-tree in which all the potentially frequent
subsequences are inserted .
(1)  If (link p-P ∈ HT) {
(2)       If (S has a child N and N.node-name = p) {
(3)           increment S-N.edge-count by 1
(4)       }Else {
(5)            Create node N with N.node-name = p
(6)            Create edge S-N with S-N.edge-count = 1
(7) Append edge S-N to HTS-N.ListH }
(8)     If (P is non-empty) {call insertTree(N, P)}
(9)  }Else if (link p-P ∈ NFLT) {
(10)    If (P is non-empty) {call insertTree(R, P) } }
(11) If P is last page in InSeqi and InSeqi was not cut,
store Seq.ID in seqEnd.ID
FS-tree construction Algorithm
Input: Sequence Database DB
and minimum link support MSuppl
Output: Frequent sequence tree FS-tree of DB
Method:
(1) Scan the DB once to collect counts for all links
(2)  Classify links and insert them in HT and NFLT
tables
(3) Create a root R for the FS-tree
(4) For (each record in DB get sequence InSeqi)
call insertTee (R, InSeqi)
(5) Return FS-tree
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FS-Mine Algorithm
Input: FS-tree root R, and minimum sequence support MSuppS
Output: Frequent sequences
Method:
(1) Frequent sequences set FSS ¬ f
(2) (2)  For (all links li Î HT and li..count ³ MinSupps) {
(3)        Conditional sequence set CSS ¬ f
(4)        For (all paths Pj in FS-tree reachable from HT.ListH(li)){
(5)             CSS ¬ CSS È extract Pj, remove last link, and adjust Pj.count = last link count }
(6)        Conditional FS-tree CFST ¬ f
(7)        Construct CFST
(8)        For (all sequences Seql in CFST){
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d-g       4
g-i 2
c-d       7
d-e       6
e-h       3
h-i        2
b-c       5
c-b       2
a-b       4
b-d       2













Construct  Conditional FS-tree





< d e h:3 >
Extract Derived Paths
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Incremental FS-tree construction Algorithm
Input: FS-tree root R and DDB, and new minimum link support MSuppl
Output: updated FS-tree
Method:
(1)  Scan DDB, and collect counts (+ and -) for links
(2) Update counts of links in HT and NFLT
(3) Move links,between HT and NFLT, based on MinSuppl
(4) For (all links ll moved from HT to NFLT) {
(5)       Start from ll.ListH pointer
(6)      For (every edge p-P in the FS-tree reachable from ll.ListH)
(7)             Cut the edge p-P
(8)      Call insertTree (R, P) }
(9)  For (all links ll moved from NFLT to HT) {
(10)     For (every sequence ID in ll.SIDs) {
(11) Obtain input sequence inpSeq with ID from DB
(12)         Call insertTreeInc (R, inpSeq) } }
(13) For (each record Reci in DDB get Reci.inpSeq) {
(14)     If (Reci is an insert)
(15)         Call insertTree(Reci.InSeq, R)
(16)     Else if (Reci is a delete)
(17)         Call deleteTree (Reci.InpSeq, R)}
Function insertTreeInc (tree root node S, sequence p-P) :
Updated FS-tree.
(1)  If (link p-P Î HT) {
(2) If (p-P was originally in HT){
(3) If (S has no child with name = p) {
(4) Create node N with N.node-name = p
(5) Create edge S-N with S-N.edge-count = 1}
(6)      }Else if (p-P was originally in NFLT){
(7) Node ptr = call deleteTree (R, P)
(8)                    add ptr as a child to p }
(9)        If (P is non-empty) {call insertTreeInc(N, P)}
(10) }Else if (link p-P Î NFLT) {
(11)       If (P is non-empty) {call insertTreeInc(R, P) } }
Function deleteTree (tree root node S, sequence p-P) :
Updated FS-tree.
Precondition: counts of links in HT and NFLT are already updated
(1)  If  (S has child N and S-N = p-P) {
(2) Decrement S-N.count, and deleted it if count became 0.
(3)           If (P is non-empty){call deleteTree (N, P) }
(4)  }Else{
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Link  Count ListH
d-g       4
g-i       2
c-d       7
d-e       6
e-h       3
h-i       2
b-c       5
c-b       2
a-b 5
b-d       2
f-a 4








Link  Count   SID
e-2       1            11
b-f       1            11
a-i       1            13
i-c       1            13
d-i       1            14
i-e       1            14
i-g       1            15
g-d       1            15
d-b       1            15
b-a       1            15
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Link Count   SID
b-d       1             10
h-i       1            4
e-b       1            11
b-f       1            11
e-f       1            12
1-i       1            13
i-c       1            13
d-i       1             14
i-e       1             14
i-g       1             15
g-d       1             15
d-b       1             15
b-a       1             15
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Deleting tuple: [8, <b d e h i>]
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Input: FS-tree root R, set of frequent sequences fSeq and set of affected links affLinks
Output: new frequent sequences based on affLinks
Precondition: all counts for links are updated in HT and NFLT
Method:
(1) For (all frequent sequences fSeqi )
(2)     If (fSeqi count < Min-Supps or fSeqi has link with count < Min-Supps){
(3) delete fSeqi}
(4) For (all links li Î HT where li.count >= Min-Supps)
(5)           if (li moved from NFLT or li count was < Min-Supps or li Î affLinks ) {
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